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Forest Service Role  
 in water and watershed stewardship 
 Improves, protects, and enhances watershed health 

 

 Provides strategies for solving complex environmental 
problems  

 

 As a district Hydrologist my job involves trying to 
understand and mitigate impacts to soil and water 
resources.  

 



Example One: 
 
Evaluating Livestock 
Grazing 

Bottom Line:  
Assess how every proposed action could 
potentially impact soil and water 
resources. 



Soil Condition 
Assessments 



Wickiup April 2010 

Note: 
• Piping above headcut 
• Lack of litter and vegetative ground cover 

Tree for reference 



Wickiup November 2012 
One year after lopping canopy cover and seeding with native perennial vegetation 

Tree for reference 



Example Two: 
 
Evaluating 
Jeep Tour Activities 



Relocation of a road to improve long-term drainage and lower maintenance costs.  



Red Rock Trail Additions 
 



TES 
Map 
Unit 

Phase Slope Erosion 
Hazard 

Condition 
Rating 

Trail 
Limitati
on  
Rating 

Comments K Value 

045 Deep, cobbly 
loamy fine sand 
  

0 - 5 Slight Satisfactory slight Low water 
holding capacity 
and subject to 
flooding. 

0.20 

402 Mod to deep, 
very cobbly 
silty clay loam 

0 - 15 moderate, 
mass 
wasting 
hazard 

unsatisfactory severe, low 
strength 

Low revegetation 
potential due to 
the high 
dominance of 
clays.  

0.10 

Forest Service uses the “Terrestrial Ecosystem” mapping to 
determine landscape features of concern. The entire forest 
has been evaluated and mapped for these features.  

(Example of TES information) 



Why do we need well planned trails in Red 
Rock Country? 

So many people, so much use – need to minimize effects 

Consolidate trail use onto suitable areas,  

Protect watershed health  

allows for trails to be properly maintained.  

 



Erosion: So What? 
 It is not possible to completely prevent all erosion,  

 but erosion can be reduced to tolerable rates. 

 

 Definition of tolerable soil loss: 

 The maximum rate of soil erosion that will permit 
indefinite maintenance of soil productivity, i.e., erosion 
less than or equal to the rate of soil development.  



 



Red Rock 
Country has 
extensive areas 
with slopes in 
excess of 25%.  
 
These areas 
need special 
attention if 
they are to be 
developed for 
sustainable 
trails.  

Design criteria 
can include:  
 
Placing trail on 
the contour,  
 
Avoiding trails 
that run down the 
“fall line”,  
 
Armoring steep 
segments with 
rock,  
 
Avoiding any trail 
on steep slopes,  
 
Ensuring proper 
drainage! 



Factor K 
 Factor K indicates the susceptibility of a soil to sheet 

and rill erosion by water.  

 

 Soils having the highest K factor are the most erodible.  



Red Rock 
Country has 
some 
extensive 
areas of high 
K 
factor…highly 
erosive soils.  



Soil Hazard Rating Definitions:  
  Slight    
 Rates do not exceed tolerable soil loss (TSL) rates (rate at which 

soil is annually renewed).  Loss in soil production potential and 
risk of sediment delivery down slope is of low probability.   

   
 Moderate  
 Rates exceed TSL rates (rate at which soil is annually renewed).  

Loss in soil production potential is probable and significant if 
unchecked. There is risk of sediment delivery down slope.  
Mitigation measures are reasonable and economically feasible.    

   
 Severe   
 Rates exceed (TSL) rates (rate at which soil is annually renewed).  

Loss in soil production potential is inevitable and irreversible if 
unchecked.  There is a high probability of lowering site 
productivity.  
 



Most areas 
around 
Sedona and 
VOC have 
moderate to 
severe soil 
hazard 
ratings.  

Sustainable 
trails can be 
built in these 
areas if they 
are carefully 
located and 
designed.  



What is Desert pavement? 

“Desert pavement” is the rocky rubble that sits on the surface of the 
ground and protects the soil from blowing or washing away.  



What makes Sedona Soils Unique? 

 High K factor 

 High amount of Biological Soil Crust 

 High rainfall Intensity 

 Low vegetative Cover 

 Steep Slopes 

 High Use 

 Fragile Desert pavement 

 



Why do we care? 
 Sustainable Use = Sustainable budget = Long term trail additions 

 

 We are on a very erosive landscape 

 

 Sediment flows downstream into our precious Oak Creek 

 

 Trail density is approaching a maximum, how much is enough? 

 

 

 



What’s the big deal with one trail? 



The cumulative effect of all the trails must be considered.  



Recreation and Water Quality 

 Unplanned trails are not designed correctly 

 Creating social trails without looking at the 
big picture 

 Poorly located trails can denude stream banks 
of vegetation 

 Causing sedimentation 



Pollution  

 Point source 



Pollution  

 Nonpoint source  



WATER QUALITY REGULATIONS 
that the USFS must abide by: 
 

 Section 319 of the Clean Water Act specific to nonpoint 

source pollution control 

 Executive Order No 11988 Floodplain management 

 PL 92-500 Federal Water Pollution Control Act 

 Arizona Department of Water Quality Standards 

  



WATER QUALITY REGULATIONS 
 

EPA cited SEDIMENT as the leading cause of impairment 
in rivers. 

 

Oak Creek is an Outstanding Arizona Water and has strict 
water quality anti-degradation standards tied to 
sedimentation.  

 

  



Water Quality Parameters of 
Concern 
 Sedimentation 

 Turbidity 

 Total Suspended Solids 

 Total Dissolved Solids 

 Embeddedness 

 Nutrients 

 Temperature 

 Escherichia coli  



Turbidity and Embeddedness 

Sediment from trails can smother the 
life in Oak Creek! 





Aquatic Invertebrates 
 Species Sensitive to Sedimentation and 

Embeddedness: 

 Mayfly nymph 

 

 Stonefly nymph 

 

 Caddisfly Larvae 



How do we mitigate trail impacts? 

First by 
designing a 
sustainable 
trail from 
the 
beginning.  
 
 



BEST MANAGEMENT PRACTICES 
(BMP) 

USFS manages trails using BMP’s 



Examples of BMP for trail 
 

 

Rock armoring of 
steep sections to 
prevent erosion.  



Examples of BMPs, cont... 
 Minimizing stream crossings by trails. 

 Elevating stream crossings 

 Reducing cross country travel. 

 Closing and rehabilitating user-created trails 

 Avoid Biological Soil Crust 



Example of trails located poorly to start with –  
 Impossible to maintain….. 





Steep trail crossing a wash – too steep and erosive.  



Trail alignment down the “fall line” too steep to 
drain properly – impossible to maintain.  



BIOLOGICAL SOIL CRUSTS 







Crusts generally cover 
all soil spaces not 
occupied by vascular 
plants, and may be 70% 
or more of the living 
cover 









 



Area with no “desert pavement” or “soil crust”. 
Soils vulnerable to wind and water erosion.  



Without protection our “sugary” soils blow or wash away.  
Where do the sediments go? Into Oak Creek! 





Good Management is the art of making problems so interesting  
and their solutions so constructive that everyone wants  
to get to work and deal with them---- Paul Hawken (1987) 

Armoring work on the Huckaby Trail.  



The Forest Service Mission is to : 
“Sustain the health, diversity, and productivity of the Nation’s 
Forests and grasslands to meet the needs of the present and future generations” 


